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In order to investigate further the nature of the hemolytic strepto- 
coccus associated with acute rheumatism (1), a study has been made to 
determine the biological character of the organisms encountered.  The 
observations include:  a  study of toxin production;  neutralization  of 
toxin by a standard antitoxin; the question of the existence of specific 
types of these streptococci, and their relationship to scarlatinal strains 
of hemolytic streptococcus. 
1.  General  Characteristics.--In  Table  I  the  general  characteristics 
of the organisms  studied are presented.  The cultural characteristics 
represent the appearance of surface colonies at 72 hours seen through a 
Zeiss  plate  microscope.  In  determining  the  fermentation  reactions 
Holman's  technique  was  employed.  As  indicators  brorn-cresol 
purple 0.002 per cent and methyl red 0.04 per cent were used. 
The general characteristics are detailed in Table I.  With  few ex- 
ceptions,  I no unusual  phenomena of growth were encountered.  Ac- 
1 Phosphate broth inoculated with the organisms in Table I in 24 hours showed 
flocculent  or  granular  growth  in  suspension  and  formed varying amounts  of 
sediment; whereas 0.1 per cent dextrose broth in 24 hours deposited an abundant 
sediment but left a clear supernatant.  No. R4 was the only exception.  It was 
isolated from the interior of a tonsil and grew with great difficulty at first.  After 
several passages through blood broth and on blood agar plates, it multiplied but 
without visible growth in phosphate broth.  Not until the tenth passage  in the 
phosphate broth did growth appear;  this was a very fine dusty sediment.  At no 
time did it afford a yield sufficient for making HC1 extract. 
The organisms  on artificial  medium with three exceptions remained constant 
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cording  to  Holman's  classification,  more  than  70  per  cent  of  the 
organisms  associated  with  rheumatic  fever  have  been Streptococcus 
pyogenes.  Others in order of frequency have  been  Streptococcus in- 
frequens,  Streptococcus equi and Streptococcus hemolyticus III. 
2.  Toxin  Production.--In  order  to  obtain  information  concerning 
the  capacity  of  these  organisms  to  produce  toxin,  three  groups  of 
strains  were  sent  to  the  New  York  State  Department  of  Health. 
There, through the kindness of Miss  Mary Wheeler and Miss Mary 
Kirkbride,  the  toxin  production  of  the  strains  was  determined  by 
testing the filtrates from  48 hour broth  cultures  intracutaneously  in 
goats.  The strains included: 
Group A,  old laboratory throat strains from individuals  who had scarlatina 
followed by severe rheumatic disease (R1 and R2). 
Group B, organisms  obtained from the  throats of patients admitted  to  the 
hospital with rheumatic disease (Strains R7, R9 and R13). 
Group C, organisms from the pharynx of rheumatic individuals  obtained at the 
time of sore  throat.  In  each instance  the  infection was  followed  by definite 
rheumatic attack.  Strains R8, R12, R17  and RI8 were from patients who had 
severe rheumatic manifestations, and Strains R3, R6 and Rll from patients with 
mild attacks.  Strain $9 was  associated  with  moderately severe  scarlet  fever, 
which was followed by definite rheumatism with carditis. 
The findings are summarized in Table II, a. 
The toxicity of the strains was  determined by testing the filtrates 
from 48 hour broth  cultures intracutaneously in  goats.  Neutraliza- 
tion tests were also made with an antistreptococcus goat serum pro- 
duced with Dochez NY5  strain of hemolytic streptococcus.  Each fil- 
trate with the exception of the filtrate of RS9 was tested at different 
times on from two to four goats. 
Two filtrates prepared at different times from each of Strains  R1, 
R2,  R9 and R13 induced no reaction or only a  questionable reaction 
in  their appearance.  No.  R6 developed a  variant, a  hemolytic streptococcus. 
The original was a raised olive-brown colony; the variant was flat, without definite 
center.  The two showed a difference in the fermentation of salicin.  No. R16 on 
two occasions developed a variant, which was a methemoglobin former.  No. R5 
developed during the first 6 months on blood broth a non-hemolytic variant with 
sugar reactions identical to the original strain. TABLE  I 
Ckaracteris~cs  ~  Hemo~tic  Streptococcus  flora  Rheumatic  Fev~  and  Scarlatina 
Patient  Strain 
C ...........  *R1 
P ............  R2 
P. Mc .......  R3 
G ...........  R6 
N ...........  R8 
C ...........  R10 
Ra ..........  Rll 
Ri ...........  R12 
CI  ...........  R15 
G ...........  R17 
P ...........  R18 
Z ...........  R20 
D ..........  R21 
B ..........  R22 
Do  .........  R23 
D ..........  R4 
K ..........  R5 
Sa  ..........  R7 
St  ..........  R9 
C ..........  R13 
H ..........  R14 
M ..........  R19 
K ..........  R24 
C ..........  RN1 
S ...........  RN2 
St  ...........  RN3 
M ...........  RN4 
G ...........  RPH1 
W ...........  RG1 
B ..........  RG2 
tt ..........  RG3 
Wa  .........  RG4 
Mc .........  RC1 
C ..........  RC2 
$I  (NY5) 
273 ........  $2 
B ..........  $3 
N.,  $4 
.......  $5 
R ..........  $6 
S ...........  S7 
C203 ........  $8 
Mc ..........  RS9 
M1 (Rock. 
S24) 
Source 
Cobum (1), page 253 
"  (1),  "  260 
Paper I, page 623 
"  I,  "  623 
"  I,  "  623 
"  I,  "  623 
"  I,  "  624 
"  I,  "  624 
"  I,  "  621 
"  I,  "  620 
"  I,  "  623 
"  I,  "  624 
"  I,  "  624 
"  I,  "  624 
"  I,  "  624 
Acute rheumatism 
Paper I, page 615 
"  I,  "  615 
"  I,  "  615 
"  I,  "  615 
"  I,  "  618 
"  I,  "  616 
"  I,  "  616 
"  I,  "  616 
"  I,  "  616 
"  I,  "  618 
"  I,  "  618 
Typical scarlet fever 
Throat  "  " 
Peritoneum  scarlet 
fever 
Throat scarlet fever 
followed  by  rheu- 
matism 
Cultural characteristics 
Granular 
Finely granular 
Granular 
Coarsely granular 
Granular 
Very coarsely granula~ 
Finely granular 
Granular 
Granular 
Very finely granular 
Finely granular 
Granular 
Finely granular 
Granular 
Coarsely granular 
Granular 
Finely granular 
Granular 
~g 
Very coarsely granular 
Finely granular 
Granular 
Finely granular 
Fermentation 
reaCtlon$ 
+ 
+ 
+ 
+ 
q- 
q- 
q- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
÷ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
q- 
q- 
+ 
+ 
+ 
+ 
+ 
* The letter 
color  change; 
R  indicates association with rheumatic fever,  t  -  indicates  no 
+  indicates  moderate  or  marked  change  in  color. 
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in the largest dose employed, 0.01  cc.  (0.1 cc. of a  1:100  dilution of 
filtrate). 
Filtrates of Strains R3 and R6 were slightly toxic, inducing slight 
but definite skin reactions in doses of 0.01 cc. and 0.0002 cc., depending 
on the susceptibility of the animal tested.  Both toxins were neutral- 
ized by the Dochez NY5 antistreptococcus goat serum. 
TABLE  II, 
Toxin Production by Strains of Hemolytic  Streptococcus Associated with Rheumatic 
Fever 
[~I.. 
R2 ..... 
R9 .... 
RI3 ..... 
~3  ..... 
~6  .... 
Organism  No toxin 
production 
m 
m 
Moderate toxin 
production 
+ 
+ 
Strong toxin 
production 
~7  ..... 
~8  ..... 
Rll 
K12 ............ 
R15 .......... 
R17. 
R18 
RS9. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Toxin neu- 
tralized  by NY,' 
streptococcus 
antiserum 
+ 
+ 
+ 
+ 
m 
+ 
+ 
Strains R1 and R2 had been on artificial  media  for a long period of time.  Strains 
R7, R9 and R13 were recovered during attacks of rheumatism.  The remainder 
were cultured from throats during the transient infection preceding the  rheumatic 
attack. 
Strain $9 produced a  moderately potent toxin neutralized by the 
NY5 antistreptococcus serum.  0.001  cc. of filtrate induced a  strong 
and 0.0002 cc. a moderate skin reaction. 
Strains R7,  R8  and R15  produced toxins of high potency.  The 
filtrates of these strains induced definite skin reactions in doses of from 
0.00001 cc. to 0.00004 cc., depending on the susceptibility  of the animal 
tested.  These toxins were  all neutralized by the NY5  antistrepto- 
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Strains Rll,  R12,  R17  and R18 produced toxins  of equally high 
potency.  A  dose of the NY5  antistreptococcus goat  serum which 
completely neutralized the toxins of Strains RT,  R8  and R15,  had, 
however, little or no neutralizing activity for the toxins of Strains R11, 
R12  and R18. 
A further investigation was made 1 year later to determine whether 
these findings of Miss Wheeler were peculiar to a single outbreak of 
rheumatism.  The  organisms  examined in  this  second  study were 
obtained  in  almost  pure  culture  during  the  pharyngeal infections 
preceding severe  attacks of acute rheumatism.  The toxicity of the 
strains was determined shortly after isolation by testing the filtrates 
from 48 hour broth cultures on the skin of large silver fox rabbits. 
Neutralization of the toxins with New York State Antistreptococcus 
Serum and with the globulin fraction of New York City Scarlatinal 
Antitoxin was studied.  The results are presented in Table II, b. 
From Table II, b, it is seen that strains of hemolytic streptococcus 
associated with acute rheumatism produce strong toxins; that these 
toxins in most cases are completely  neutralized and in others instances 
partially  neutralized  by  NY5  antistreptococcus  serum;  and  that 
these  toxins  are in  most instances not  neutralized by the  globulin 
fraction of scarlatinal antitoxin.  These findings show that the obser- 
vations on the toxins produced by strains of hemolytic streptococcus 
associated with rheumatic fever in New York City are not limited to 
a single seasonal outbreak. 
In summary, these studies indicate that the hemolytic  streptococcus, 
isolated  from  the  throat  during  the  infection which  precedes  the 
rheumatic attack, is in most instances a potent toxin producer, and 
that the majority of these toxins are neutralized by a standard mono- 
valent antiserum. 
3.  A  Serological Classification  of Hemolytic Streptococcus Associated 
with Rheumatic Fever.--The most accurate method now available for 
the  classification  of  streptococcus is  one  based  on  the  studies  of 
Lancefield (2) who has developed a method for classification  of hemo- 
lytic streptococcus founded on the precipitin test, using serum from 
which group  antibodies  are  absorbed.  The  results  obtained  agree 
with  those previously determined by agglutination and  protection 
tests.  The following  technique, which is  essentially that of Lance- ALVIN  F.  COBURN  AND  RUTH  H.  PAULI  639 
field, has been employed in the classification of hemolytic streptococcus 
associated with acute rheumatism. 
A.  Preparation  of  ttCl  Extracts.--HC1  extracts  were  prepared as  follows: A 
strain of streptococcus was cultivated in 20 liters of buffered sodium phosphate 
broth for 24 hours.  The organisms from this material were collected in a Sharpless 
centrifuge.  The material was suspended in 90 cc. of normal salt solution.  To this 
was added 5 cc. of N/1 ttC1, making a final concentration approximately N/20 HC1. 
The suspension in a  Pyrex centrifuge tube was immersed in boiling water for 30 
minutes  and  stirred  frequently.  After  cooling,  this  material  was  centrifuged. 
The supernatant fluid was removed and neutralized with N/1  NaOH  (indicator 
phenol  red).  After standing overnight in the ice box a  white fluffy precipitate 
usually appeared.  This was centrifuged down,  and the clear supernatant  fluid 
was used as antigen. 
B.  Technique  of Immunization.--The  rabbit antisera were prepared as follows: 
Adult brown rabbits weighing between  2  and 2½  kilos were first tested  against 
protein and polysaccharide fractions of hemolytic streptococcus to rule out  the 
presence of antibodies to streptococcus.  Antibacterial sera were then prepared by 
injecting increasing doses of heat-killed 18 hour broth cultures followed by 18 hour 
living cultures. 
Injections were given on 4 successive days, followed by a rest period of 3 days. 
Generally,  the  rabbits'  precipitin  titers  were  satisfactory  after  the  seventh 
series of inoculations,  2 but occasionally a long rest  period followed by an  eighth 
inoculation  was  necessary.  The  immune  sera  obtained  were  kept  at  ice  box 
temperature without the addition of a preservative. 
C.  Absorption  of Sera.--Absorption  of sera was obtained as follows: Bacteria 
from 1.5 liters of plain broth culture of heterologous ($24) and a  similar quantity 
of homologous organisms were centrifuged.  The organisms in each instance were 
suspended in 1 cc. of saline and killed by heating at 60  ° for 1 hour.  To each tube 
of packed bacteria, 3 cc. of immune serum and sufficient saline to give the  desired 
dilution were added.  Parallel absorptions were performed at 37 ° for 10 minutes, 
with both homologous and heterologous organisms.  After centrifugation the super- 
natant diluted serum was removed, and preliminary precipitin tests set up  with 
2 Series 1-1.0 cc. heat-killed broth culture intravenously. 
"  2-2.0  "  "  "  "  " 
"  3-4.0  "  "  "  "  " 
"  4-0.5  "  living broth culture intraperitoneally. 
"  5-1.0  "  "  "  "  " 
"  6-2.0  "  "  "  "  " 
"  7-4.0  ........  Trial bleeding 3  days after last injec- 
tion.  Rest period of 6 to 8 wks., if necessary. 
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HC1 extract of the homologous strain.  If the absorption  was incomplete,  the 
organisms and sera  were placed  together again in the 37  ° water bath.  3, ¢  When 
sufficient effect was obtained,  the serum  absorbed  with the homologous  strain 
was completely negative; the serum absorbed with the heterologous strain reacted 
with the antigen used in immunization.  A number of difficulties were encoun- 
tered.  Some rabbits  failed  to form antibodies;  others  formed  agglutinins  but 
not precipitins  of sufficient titer for working purposes.  In addition, the HC1 
extracts obtained from four organisms failed repeatedly to contain type-specific 
antigen.  Moreover, interpretation of certain reactions was hazardous because of 
the high concentration  of carbohydrate antibody.  The complete removal of this 
was difficult; prolonged absorption with streptococcus carbohydrate diminished the 
content of precipitins for the protein fractions.  Finally, variations in the absorb- 
ing capacity of homologous strains and differences in antibody titer made each 
preliminary absorption  an individual problem. 
Results.--The organisms studied fall into six antigenic groups.  As 
an illustration, the data of one group are presented in Table III. 
Table  III  contains the  determinations on hemolytic streptococcus 
falling into Group III.  From these data it is seen that strong precipi- 
tin reactions occurred between the HC1 extracts of five organisms and 
their  unabsorbed  and  heterologously  absorbed  sera.  The  absence 
of  reactions  between  their  HC1  extracts  and  their  homologously 
absorbed  sera,  and  the  absence  of  specific  reactions  between  their 
sera or HC1  extracts  and  the  extracts  or  sera  of  other  organisms, 
clearly defined hemolytic streptococcus,  Rll,  R18, R20, G3 and G4, 
as a  distinct antigenic group. 
In each group certain strains were identical; others seemed closely 
allied.  A  few strains  appeared  antigenically distinct and have been 
placed  in  an  heterogeneous  group.  Certain  findings were  definite. 
First,  the hemolytic streptococcus  associated with scarlet  fever and 
the  hemolytic  streptococcus  associated  with  the  throat  infection 
preceding  rheumatic  fever  may  resemble  each  other  antigenically. 
Second,  both  scarlatinal  strains  and  the  organisms  associated  with 
rheumatism show antigenic differences within their respective groups. 
Third,  in  localized  outbreaks  of  rheumatic  disease,  organisms  with 
the same antigenic complex may be associated with the development 
s There was great variation in the time required for absorption. 
* Because of the low concentration  of serum  antibodies,  it was necessary  in 
many instances to use undiluted serum. ALVIN F.  COBURN AND  RUTH H.  PAULI  649 
of rheumatic fever in several subjects; while other individuals with the 
identical  infectious  agent  fail  to  manifest  rheumatic  phenomena. 
Fourth,  a  strain  of hemolytic streptococcus from  the tonsils of an 
individual living in the tropical country of Puerto Rico was antigeni- 
cally distinct from all others in this group of 50 strains.  Fifth, two 
organisms from each of three epidemics of rheumatism in England 
were in each instance identical with one another and each fell into 
one of three distinct groups of American strains. 
The following serological groups were determined. 
Group I.  R6, R8, R10, R14, R15, R16, R21, R23, R24, R25, PH1, N1,  N4, 
C1,  C2,  $6,  $7,  $9. 
Group II.  R2, R5, R13, R22. 
Group III.  Rll, R18, R20, G3, G4. 
Group IV.  R1, R3, R8, M1. 
* Group V.  R9, N3, G1, G2. 
* Group VI.  R12, R17, N2. 
Unclassified.  R19,  P. 
* There was some crossing between organisms of Groups V and VI. 
DISCUSSION 
The findings suggest that rheumatic fever, like scarlatina  (3) and 
erysipelas  (4),  is  associated  with  a  number of different serological 
types of hemolytic streptococci.  The streptococci present in  rheu- 
matic fever include groups of strains which resemble those obtained 
from  upper  respiratory  tract  diseases.  The  collected observations 
on the relation of the activity of the rheumatic process to hemolytic 
streptococcus, and the failure to detect a  single serological type of 
organism associated only with rheumatic fever, have led to the concep- 
tion that the specificity of the rheumatic response, like the reaction in 
certain other streptococcus diseases,  depends not entirely upon the 
character of the parasite but is perhaps related to  some individual 
mechanism of the rheumatic subject. 
SUMMARY 
To determine the nature of the organisms associated with outbreaks 
of rheumatism at The Pelham Home, in a large number of individuals 
at the Presbyterian Hospital Nurses' Training School and among rheu- 650  STREP.  HEMOLYTICUS AND  RHEUMATIC FEVER.  II 
matic subjects in New York City under continuous clinical observa- 
tion,  studies of the  throat  flora  have  been  conducted.  Hemolytic 
streptococcus in most instances appeared in the pharynx from 1 to 5 
weeks before the onset of the  rheumatic attack.  These organisms 
have been investigated with the usual types of bacteriological tests and, 
in addition, have been classified serologically according toLancefield's 
technique.  The results have demonstrated that the organisms were 
not of a single type, but fell into six antigenic groups.  The majority 
of the freshly isolated strains tested were strong toxin producers.  The 
organisms  producing  the  strongest  toxin  were  cultures  from  the 
patients who  developed extremely intense  rheumatism.  About  70 
per cent of these toxins were neutralized by a  monovalent strepto- 
coccus antiserum. 
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